, and is a full list of the SILAC mass spectrometry data shown in the graphs in figure 3E , 3F and as a partial list in 3G.
Supplemental Information
Figure legends Purified material was analyzed by immunoblotting.
Supplemental Table S1 is supplied as a separate excel file
Supplemental Experimental Procedures
Plasmids and cloning. pcDNA3-HA-OTULIN was PCR cloned from pcDNA4-His-OTULIN (Keusekotten et al., 2013) . Full length NOD2 was amplified by PCR from a cDNA clone and inserted into pcDNA5-HA. pcDNA3-HOIP-V5/His, pcDNA3-HOIP mutRx2 -V5/His and pcDNA3-HOIL-1-V5/His were a kind gift from Prof. Henning Walczak (University College London, London, UK). The NF-B luciferase reporter plasmids, pBIIX-Luc and TK-renilla-Luc and pcDNA3-3xHA-XIAP and pcDNA3-3xHA-XIAP F/A have been described previously (Damgaard et al., 2012; Gyrd-Hansen et al., 2008) . OTULIN mutations described here were generated by PCR-based site-directed mutagenesis. The AVPI construct was generated as a synthetic oligonucleotide (Eurofins MWG Operon, Hamburg, Germany) and cloned into the pcDNA3
vector. The Glutatione-S-transferase (GST) M1-SUB construct was generated by cloning of the UBAN region from human NEMO (residues 257-346; NCBI Reference Sequence NM_001099857), ordered as a synthetic gene (Eurofins MWG Operon), into pGEX-6P1 (GE Healthcare, Piscataway, NJ). The GFP-coupled M1-SUB construct was generated by subcloning the UBAN region into pEGFP-C1 (Clontech Laboratories, Mountain View, CA).
The GFP-M1-SUBmut construct was generated by introducing the D311N and F312A mutations (numbering refers to full length human NEMO) by site-directed mutagenesis. All constructs have been verified by DNA sequencing.
Cell lines. HEK293T and THP-1 cells were cultured and transfected as previously described (Cummins et al., 2004; Damgaard et al., 2012) . NOD2-expressing U2OS-Flp-In™ T-REx™ All experiments were performed three times with two technical replicates per experiment.
Purification of endogenous ubiquitin conjugates
Ubiquitin conjugates from cell lysates were pulled down in THP-1 and U2OS/NOD2 cells using affinity reagents. For isolation of Met1-Ub chains, recombinant protein containing one copy of the UBAN region from human NEMO (residues 257-346) fused to Glutatione-Stransferase (GST) was used (M1-SUB; full sequence will be made available upon request).
TUBE (TUBE1 (Lifesensors, Malvern, PA) was used for the mass spectrometry analysis)
consists of four UBA domains in tandem fused to GST and was used to all polyubiquitin linkages. THP-1 and U2OS/NOD2 cells were lysed buffer (20 mM Na 2 HPO 4 , 20 mM NaH 2 PO 4 , 1% NP-40, 2 mM EDTA) supplemented with 1 mM DTT, 5 mM NEM (SigmaAldrich), cOmplete protease inhibitor cocktail (Roche), PhosSTOP (Roche) and 50 g/mL TUBE/TUBE1 or 100 g/mL M1-SUB. Lysates were cleared, mixed with Glutathione Sepharose 4B beads (GE Healthcare) and incubated at 4°C for a minimum of 2 hours with rotation. Beads were washed four times in 500 L ice-cold PBS Tween-20 (0.1%). Bound material was eluted with 1xLSB-buffer.
Immunoprecipitation of endogenous NEMO. U2OS/NOD2 cells were transfected and treated as indicated. Cells were lysed in IP buffer (25 mM HEPES pH 7.4, 150 mM KCl, 2 mM MgCl 2 , 1 mM EGTA, 0.5% (v/v) Triton X-100) supplemented with 5 mM NEM (Sigma-Aldrich), cOmplete protease inhibitor cocktail (Roche) and PhosSTOP (Roche) for 30 min on ice.
Lysates were cleared by centrifugation and incubated at 4° C over night with anti-IKK-coupled beads (Santa Cruz Biotechnology). Beads were washed four times in 500 L ice-cold IP buffer and bound material eluted with 0.2 M glycine, pH 2.5.
Immunoprecipitation of HA-NOD2. U2OS/NOD2 cells were treated with doxycycline (2 g/mL) for 24 h then immunoprecipitated as described for NEMO, except that anti-HAagarose resin (Sigma-Aldrich) was used as affinity reagent.
Immunoprecipitation of the TNF-RSC. The immunoprecipitation of the TNF receptor complex was performed as previously described but using a lower FLAG-TNF concentration (Haas et al., 2009; Keusekotten et al., 2013) . Briefly, stable TREx-293 cells inducibly expressing miRNAs targeting OTULIN or inducibly overexpressing OTULIN, were stimulated with 100 ng/mL FLAG-TNF (Enzo), washed in ice-cold PBS and lysed in 30 mM Tris pH 7.4, 120 mM NaCl, 2 mM KCl, 1% Triton-X-100, 2 mM NEM (Sigma-Aldrich), cOmplete protease inhibitor and phosphoSTOP (Roche) for 30 min on ice. Lysates were cleared by centrifugation and incubated at 4° C for 16 h with anti-FLAG (M2) agarose beads (Sigma-Aldrich). For time point 0 samples, 0.5 µg FLAG-TNF was added to the cleared lysates. Beads were washed 8x
in Lysis buffer and eluted using 150 ng/mL FLAG peptide.
Immunofluorescence staining and microscopy. U2OS/NOD2 cells were fixed in 4%
formaldehyde, permeabilized with PBS containing 0.2% Triton X-100 for 5 min and incubated with primary antibodies diluted in DMEM for 1 h at room temperature. After staining with secondary antibodies for 30 min, cover slips were mounted in Vectashield mounting medium 
Mass spectrometry based analysis of L18-MDP induced ubiquitination
For SILAC labeling, THP-1 cells were cultured in media containing either L-arginine and Llysine or L-arginine-U-13C6-15N4 and L-lysine-U-13C6-15N2 (Cambridge Isotope Laboratories) as described previously (Ong et al., 2002) . Cells were treated for 60 min with L18-MDP and subsequently lysed in 20 mM Na 2 HPO 4 , 20 mM NaH 2 PO 4 , 1% NP-40, 2 mM EDTA supplemented with 1 mM DTT, 5 mM NEM (Sigma-Aldrich), cOmplete protease inhibitor cocktail (Roche) and PhosSTOP (Roche). Lysates were cleared by centrifugation and ubiquitinated proteins were enriched using GST-TUBE1 (Lifesensors) or M1-SUB. The enriched proteins were resolved by SDS-PAGE and digested in-gel with trypsin. Peptide fractions were analyzed on a quadrupole Orbitrap (Q-Exactive, Thermo Scientific) mass spectrometer equipped with a nanoflow HPLC system (Thermo Scientific) as described (Michalski et al., 2011) . Raw data files were analyzed using MaxQuant (Cox and Mann, 2008) . Parent ion and MS2 spectra were searched against protein sequences obtained from the UniProt knowledge base using the Andromeda search engine (Cox et al., 2011) . Spectra were searched with a mass tolerance of 6 ppm in MS mode, 20 ppm in HCD MS2 mode, strict trypsin specificity and allowing up to 2 missed cleavage sites. Cysteine carbamidomethylation was included as a fixed modification and N-terminal protein acetylation as variable modification. The dataset was filtered based on posterior error probability (PEP) to arrive at a false discovery rate below 1% for peptide spectrum matches and protein groups.
